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Abstract—Tissue scaffolds must satisfy multiple design 
constraints, such as geometry, mechanical properties, and 
connectivity, to yield a functioning heterogeneous tissue.  One 
method that accounts for these multiple constraints is the unit-cell 
based assembly approach.  In this method, the volume that 
represents the natural tissue is filled with unit-cells that meet the 
design requirements of the volume.  This approach requires data 
exchanges between several procedures including design, 
characterization, assembly, analysis, and fabrication procedures. 
In the paper, we present a data exchange system to store and 
retrieve the unit-cell information and customize data migration 
among applications.  We also present our application of this data 
exchange system to facilitate the management of data flow.  
 
I. INTRODUCTION 
Tissue engineering applies biology, engineering, and computer 
science principles to development tissue replacements to 
restore, maintain, or improve tissue functions. The overall 
goals of tissue engineering include isolation of patient cells, 
culturing cells, seeding them onto a scaffold, and growing them 
into a 3D replacement tissue.  Since the scaffold design will 
influence cell growth, scaffolds must satisfy multiple biological 
and engineering design criteria such as structural integrity, 
stability, degradability, and transport properties [1].  
 One method used to account for multiple design constraints 
is to use a unit-cell based scaffold design.  In this method, tissue 
properties are translated into design constraints.  Based on 
those design constraints, unit-cells are selected to fill the 
volume occupied by the tissue.  Recent work for unit-cell based 
scaffolds has focused on design [2, 4], analysis [3] and 
fabrication [1]. Hu and Sun have given a systematic theory of 
how to design unit-cells based on mechanical properties [2].  
Fang et al. has applied the Homogenization Theory to develop 
a relationship between the macroscopic and microscopic fields 
[3]. The relationship is used to predict the effective mechanical 
properties of a porous structure [3], i.e. the unit-cells intended 
for the scaffold. Starly et al. has presented a freeform 
fabrication method capable of fabricating unit-cell based 
scaffold.  
The integration of the homogenization module, the scaffold 
assembly module, and the manufacturing module require 
transmitting and translating data among three disjoint systems. 
In this paper we will introduce a data exchange and migration 
system that integrates the data flow between the 
aforementioned systems. A detailed application of data 
exchange system will show how it can improve efficiency and 
decrease complexity of the operations  
Unit-cell based assembly is still an emerging approach to 
scaffold design in tissue engineering.  This approach has the 
advantage of accounting for both the macroscopic and 
microscopic design constrains by introducing a middle or 
mesoscopic field in the form of the unit-cell [3].  Assembling 
unit-cells into a scaffold could yield an exponential range of 
possibilities. Standardizing and automating this assembly 
process and the subsequent analysis process reduces the time 
and effort used to assembly a scaffold.  The final scaffold 
design still must be fabricated using an available fabrication 
process.  The selected fabrication process must be capable of 
producing the scaffold design 
 
II. DATA EXCHANGE SYSTEM HIERARCHY 
The structure for the data exchange system is illustrated in Fig. 
1.  The system consists of four modules, the homogenization 
algorithm, the unit-cell data-base, the unit-cell assembly 
algorithm, and the manufacturing module.  The unit-cell based 
scaffold process begins with unit-cell models generated in 
CAD and receiving anatomical information.   The CAD model 
is sent to both the homogenization module and the unit-cell 
database.  
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 Figure 1. Data Exchange Framework. Four modules are unified under this data 
exchange system. 
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Figure 2. Unit-Cell Database Hierarchy. Three central elements in the data 
exchange system include the unit-cell structure, the unit-cell material, and the 
fluid within the unit-cell.  Each unit cell contains information gathered during 
the design of the unit-cell.  Relationships between the three elements compute 
the effective properties for unit-cell of a given material and with a given fluid.  
These relationships in effect complete the unit-cell characterization process 
while reducing the amount of manual intervention. 
 
The homogenization module calculates the effective 
mechanical properties of unit-cells as part of the unit-cell 
characterization process.  The unit-cell database stores the 
unit-cell’s geometric information and the effective mechanical 
properties generated by the homogenization module.  The 
unit-cell assembly algorithm uses the unit-cells in the database 
to generate heterogeneous structures based on anatomical and 
design constraints.  After assembly, the model is sent to a 
manufacturing module that converts the scaffold into a tool 
path for a manufacturing process. 
 The homogenization module, the assembly algorithm, and 
the manufacturing module have been developed separately.  
The first step in unifying the modules was to create data storage 
and retrieval that can be used by the first three modules.  The 
solution was to create a unit-cell database.   
 The database consists of three element types, the unit-cell 
design, material information, and fluid information.  The 
unit-cell design element contains the design representations 
and feature information.  A design is stored as STL, IGES, and 
skeleton representations.  The geometric features such as pore 
size and porosity are gathered directly from the unit-cell 
design.  The material information contains all the possible 
materials and their bulk properties.  Similarly, the fluid 
information element contains all the possible fluids sent 
through the unit-cell, their fluid properties, and their flow 
conditions.  The data exchange system can then create different 
combinations of unit-cell design, material, and fluid.  This 
combination is then sent through characterization and can be 
used in unit-cell assembly. 
 
III. UNIT-CELL ASSEMBLY 
The inputs from the unit-cell database and the anatomical 
information are used as the basis for this assembly process.  As 
shown in Fig. 3., the unit-cells are compared to the design 
constraints of one region of the anatomy.  The algorithm 
determines which unit-cells in the database meet the design 
constraints.  This process is repeated for an adjacent region.   
  
Figure 3: The data exchange system interface for retrieving and storing unit-cell 
 
The algorithm then calculates the optimal alignment between 
the unit-cells in the first and second sets. Improving the 
alignment between the unit-cells ensures there are pathways for 
fluid flow between the unit-cells. The combinations are 
evaluated to determine their current properties and to compare 
those properties to the region requirements.  The algorithm then 
computes a ranking for the combinations.   
The data exchange system reduces the amount of manual 
intervention required by this process.  It is capable of 
generating the description files from the unit-cell data base.  It 
can also add unit-cells that have been modified during the 
assembly process to the unit-cell database, effectively 
increasing the unit-cell designs without human intervention. 
 
IV. CONCLUSION 
This data exchange system unities the unit-cell design, 
assembly, analysis, and manufacturing modules.  It provides a 
common data storage and retrieval platform for all the modules 
while reducing the required amount of human intervention.  
The exchange system will have to be extended to include more 
manufacturing processes in the future.  This data exchange 
system can also be applied to other fields that use relative data 
retrieval and storage. 
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